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Abstract 
Broadening of the electron paramagnetic resonance (EPR) line of the paramagnetic probe decorated on the 
superconducting system surface was detected at the temperature T>Tc. The source of the anomaly and the 
conditions of its emergence were revealed. The analysis of the experimental results with taking into account the 
literature data serves as the basis to consider that the observed broadening of the EPR line of the paramagnetic 
probe at 203.7K resulted from the transition of the system under study into the superconducting state.    
 
 
Investigation of anomalous phenomena in high-temperature superconductors (HTSC) in the 
normal state (T>Tc) is quite actual. Revealing the anomalies, determination of their source and 
understanding of the nature of anomalies of HTSC systems is important for elucidation of the 
mechanism their superconductivity.  
In this work we used HTSC systems Bi1.7Pb0.3 Sr2 Ca2 Cu3 O10-δ (2223) and YBa2 Cu3 O7-δ (123) 
as the object of study. The samples were 
prepared by a standard method of hard-phase 
synthesis of chemically pure powders [1]. For 
investigation as of the superconductivity 
transition so of anomalies in the normal state, 
the method of electron paramagnetic 
resonance (EPR) was used. To this purpose 
the surface of the sample was decorated with 
a paramagnetic probe. In our case we used 
diphenyl-picryl-hydrazyl (DPPH) radical and 
observed the change in the EPR linewidth for 
this radical with temperature both below and 
above the critical temperature of the 
superconductivity transition. For decorating 
DPPH on the sample surface, we placed the 
sample into the 10-2 M solution of DPPH in 
acetone and then dried it in the air. For 
 
Figure. Temperature dependence of the EPR linewidth for 
DPPH decorated on the surface of HTSC samples: a  for 
Bi1.7Pb0.3Sr2Ca2Cu3 O10- δ;        b  for YBa2Cu3O7- δ  
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studying the temperature dependence of the EPR linewidth, we placed a double quartz ampoule 
containing the sample, a heating element and a thermocouple into a quartz dewar and filled the 
dewar up with liquid nitrogen. The EPR measurements were carried out with the help of 
spectrometer RE 1306 operating at the frequency 9.4 GHz (X-band) and modulation 100 kHz. 
The amplitude of modulation and the power level were selected in order to exclude the 
broadening and saturation of the EPR line. The equipment allowed us to measure the EPR 
spectra over the temperature range from 77 to 300K. The heating element was wound on the 
inner ampoule in order to exclude a decrease in the quality factor of the resonator [2]. Having 
measured the spectrum at room temperature and then cooling the sample rapidly, we measured 
the spectrum at the liquid nitrogen temperature. The following values of the temperature were 
obtained by varying the value of the current passing through the heating element. The 
temperature stability was equal to ±0.5K. In the Figure (a) is shown the temperature 
dependence of the EPR linewidth of the paramagnetic probe, decorated on the surface of the 
high-Tc superconductor (2223).  
As it is seen from the Figure, at the temperature of 203.7K, there is a clear peak of the EPR 
linewidth. Earlier we observed similar peaks of the EPR linewidth at the temperatures 155K; 
175K; 185K; 190K; 197K (the cause of so different temperatures of anomalies has not been 
established yet). As it is seen from the Figure, to the left of the peak, the EPR linewidth does 
not depend on the temperature in the interval from 150 to 107K. A considerable increase in the 
linewidth is observed below Tc, which is associated with the transition of the sample into the 
superconducting state. Herewith the Abrikosov vortices arise and they change sharply the 
homogeneity of the magnetic field, which accounts for the increase in the EPR linewidth. The 
checking experiments carried out for polycrystalline DPPH and also for DPPH decorated on 
non-superconducting metallic copper exactly of the same shape and dimensions as the studied 
samples (2223) showed that there was no change in the EPR linewidth of the paramagnetic 
probe over the entire temperature range [3,4]. Thus, it is obvious that the peak at 203.7 is 
associated only with HTSC sample Bi1.7 Pb0.3 Sr2 Ca2 Cu3 O10- δ, which is in the normal state. 
To understand what the linewidth anomaly source was at 203.7 K, we carried out the same 
temperature measurements for the YBa2Cu3O7-δ system. In this case as well the experiments 
showed broadening of the line in the normal state but at 171K (Figure (b)). The identity of the 
behavior of both HTSC systems in the normal state (appearance of anomalous peaks) points at 
that it is connected with that common link which is present in both systems, namely with the 
CuO2  plane. The availability of the peak at 203.7K may be associated with the superconducting 
transition or the magnetic phase transition, i.e. with the formation of a new magnetic phase. In 
order to find out whether this peak is connected with superconductivity, we carried out the 
experiments with the samples that did not possess the superconducting properties. These 
experiments showed the total absence of any peak over the entire temperature range from 77 
to 300K. Thus, based on the experimental results, we can say that, if there is no 
superconductivity there is no anomaly in the temperature range T>Tc, and, if there is 
superconductivity, there emerges an anomaly at T>Tc. It is important to note that the given 
anomaly appears only when the cooled sample is heated. In this case in bismuth systems an 
increase in the lattice parameter takes place (see [5], Fig.4). In paper [6] it was shown that the 
deformation increase of the lattice parameter along the axis c increases the value of critical 
temperature. The analysis of the mentioned experimental results with taking into account the 
facts described in [5, 6] serves as the basis to believe that the anomaly (broadening of the EPR 
line) at 203.7K may result from the HTSC system transition into the superconducting state. 
Other anomalies of copper-containing systems will be reported later. 
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